General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



ORIGINAL PAGEJS 
OF POOR QUALITY, 


9950-809 


DOE/JPL-95604<-82/ir S 
Dittr ibation Category UC-63 


THE STRUCrOBE OF <110> TILT BODNDARIES 
IN LARGE AREA SOLAR SILICON. 


Annual Report 


Period: Angnat 31, 1981 to Septeaber 1982 
JFL Contract No. 958046, Report 


Prspared by: 


Dieter 6. Ast 
Principal Investigator 


J l . - Jh A n 


Departnent of Materials Science and Engineering 
Cornell University 
Itbaca, NT 14853. 



December 1982 


The JFL Flat Plate Solar Array Project is sponsored by the U.S. 
Departnent of Energy and forms part of the Solar Photovoltaic 
Conversion Program to initiate a major effort towards the development 
of low-cost solar arrays. This work was performed for the Jet 

Propulsion Laboratory, California Institute of Technology by agrrement 
between NASA and DOE. 


(Has A'CB~ 170204) THe STBOCTUBE of > 110 < M83-22744 

TILT BOOHOABIES IM LARGE AREA SOLAB SILICON 
Annual Beport« 3i Aug. 1981 - Sep. 1982 

(Cocnell Oniw., Ithaca, N. X.) 24 p Oaclas 

HC A02/HF AOl CSCL lOA G3/44 03419 




■ ) ^ u'l 






P^v, 


i#| 






op«r*tiOBS> ••!• aeross (111) follovtd bj a Mirror operatioB aerott 
(lU) art elaaaifiad as saeoad ordar twins ate. 
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' Wcg«r|'=^aetors',v<t«f;.'^4^i%^isidaa'tio1i^^ 

., tk^lnwgars .Taatorft;i^lattioav;dlslOBatidnsi^ 


Many of tha eoneapts raqnirad to analysa tha atonie strmetnra of 
saeoad and third ordar twin boandarias ia silieoa wara introdaead by 
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DornetTe in hit papere on the etmoture of dlslooetlone (1) end <110> 


tilt boonde rial (2) In the ditaond lattice. When aodelling a lattice 


defect* Bornatra' a ’Criterion waa to preaerve tetrahedral bonding where 


poaaible* thereby ainiaizlng the nnaber of broken bonda. Radial 


diatribntion fmetiona of aaorphona ail icon ahow that the Si-Si bonda 


Tary in length by leaa than 1% froa thoae in cryatalline ailicon 


that the bond anglea can flnctnata by np to 15° (3). Therefore 


approach that iainiaizea the nnaber of broken bonda and ' keepa the 


interatoaic diatancea eaaentially fixed, vhilat allowing bond angle 


variation, ahonld prodoge^^relatlTel: 


and ball BOdela of^ five"’ and. aeven a'eabered'ringa of ailicon atcaia can' ' - 
be oonctmcted withont, large atraina, • and^Bornatra (1) .propoaed that- 
ayBaetxical..ooabinatlon of one five and onaiaeven aeabered ring wonldv 


figure 1. Tilt bonndariea with a <110> tilt.azia and ja . . grain 
boundary plane in the median lattice (4) could be modelled aa an 


arrangement of rdge dialocationa in combination with chair and boat 


ahaped aix membared ringa (2). The Si-Si bonda in chair ahaped ringa 


whereaa the bMt'*~ahaped 


are arranged in ataggered confignrationa' 


ringa contain two paira of eclipaed bonda. Bornatra conaidered <110> 


tilt bonndariea where the rotation* angle' 0. correaponded to a high 
eo incidence^ (low S, ) , BiaorientatioB*o .aiul^< 


- »r. 


ratio of atom aitea to coincidence aitea (5).* Bornatra* a model for 


the (331)^ *19, 26.53** boundary, fignre 2 


ha a the higheat 


niaor ientation angle that can be accommodated by dlacrete a/2<110> 
edge dialocationa. Be developed two mode la for the (221)S-9, 38.94^ 


boundary, which Eohn (6) haa termed a aecond order twin bonndary. The 
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first :Of the models oontsins edJoiniBg s/2<110> edge dlsloostlons 

.V ii|, , 

arranfed in a zig*-za| fathioa# flgnra 3(a)* Tha alternatiTa nodal » 

. , »L • 

figure* 3(b) .consists of a regnlnri array of a<110> dislocations 
‘Created by Idterposin'g a six membered ring between the fire and seven 

’■ V*- 

* I 

Bcabered rings of the.' a/2<110> dislocation strnctnre. Hornstra 

I 

stated, witiiont constrnoting a model, that the (5S2)£*27. 31.59** 

* 

third order twin boundary ‘conld be' built up from elements of the S >19 

— . ‘ -'’I' .1 ‘ ■ 

structure and * either " of ! theVtwoZ'>9 structuresi' At that time (1958) 


no experimental ewidence waaV^awailable-to decide which of the£>9 and 


^ Int, this papeC 'thevmodela)ofj^Wiiultca:andJitheir<conheetlon'to' the 
‘ .!*«P«»ting ,group-i deac*Apti<m»r ftrta'ihounda.eieaipCT’rlOl^are discussed.'!*^ v.:_ * • :si > 

u * * ■ >S.^ * • « ■ 

^ .iHHjilgHillnm 1 II I a 

i 

account for the contrast features observed in high resolution 



transmission electron micrographs of second and third order twin 
boundaries in silicon. The boundaries discussed are systmetric with a 
[110] tilt 'axis and a* '(11^) 'hounda:^ plus in the median lartice [the 


• median plane). The median lattibe^'f)!^ ^entieal ' in structure and 

>-■ ^halfway in orlentatlon'':1>etween :the''^oryatal 4atticea either side of the 


Emerimental' Details 

Silicon ribbon was produced by chemical vapor deposition at a 
temperature of 1100**C (11). The ribbons wer' polyorystal line with a 

predominantly <110> texture and an average grain sise of about 1pm. 
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TER epeoiaeae were prepared by Bechanioilly pollsblng the allicon to a 
thiokneaa of aboot 7Spa« followed by ion beam milling. High 
resolution electron aieroseopy obserrations were carried i ont on a 

* • a . 

Sieaena Blaiak'op 102 operating at an accelerating woltage of 12SkV.v, 
ne <110> tilt bonndariea were wiewed end-on. with the incident beam 
parallel to the tilt azia. Luttice iawges were recorded with the 
inner aewen beaaa froa the <110> zone of each crystal included in the 


‘ ob j act iw'e ' ape Tt nr e . 

I..;. 


• I 
» r 


Rg»Plts 


r 






.'Xiar 


^ "Figure. 4 is a lattice fringe image of a [110] ^ tiix i 'bonidary'A* 

-• ' -L.‘, .rr • r - — 

Ilf till ^ ;.iaa gad ;par all el- to the- tilt azia. The boundary ezhibita, facetijig.^ajjav /•' 

>A~ ’ ’ .sealeforfabont^tlOna-andialao appears faceted*at the. • ' ' 


w*^^<RMWIIl>iiW|H>^W*talhlpgy»phyiaidaea iah ow a a f Ni nv f ignre,-4*wttht<tanbaoaiptaaHt flg|a4 i HM OarfAeRgai|>iwa(aiwiti^ 

i 

a (552)j^/ ( 355 )^ symmetric third order twin boiudary. median plane 
(110). This plane contains the second highest density of coincidence 
sites for the 2T>27 aisor ientation. The plane with the -highest density 


* o'f'e^nclden^ sites for the'7-27 aisor ientation is .(115)^^ (aedian' 
"plane jCOOl) ) which is orthogonal to the plane of' the' obserred 

' ''boundary*-' -In the boundary shown in figure 4. a patterff'of-'ffourtv- large 

‘ 7'** 

- • • p.». ''I •• ' -'t ^ ^ ~ • - 

white dots that is faceted on two planes, (111), and (llDe,^' and the 

1 ^ e . 

two white dots in each- facet plane differ in size. The boundary 
• * changes direction and character at T, dissociating into a coherent 
first order twin boundary (arrowed) and a syawetric second order 
boundary narked Z. This dissociation has been discnssed in an earlier 
paper (12). The small triangular twinned region is indicated with the 
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I 

>• 

i; 

I 


■nbiorlpt S. The eeoond order boundary plane ia (221)^/(221)2* 

(210)^, and tbia bonndary oontalna a lig-zag arrangeaent of white dota 

faceted on the (111)'^ gad (HDj planea with a periodicity of l.lSna. 
* • • 

Theae- local ''^rlodlcltlea and ayaaetrlea can be determined 

naaabignonaly ainoe* they are are Independent of the iaaglng conditiona 
and tranafer function of >the aicroaoope. 



togeuor•^tmt ■ Mnat ^bai^onneoted‘1^ two laiz-'fold ringa aa in figure 2 


When odd'nnabered ringa are Joined cyaaMtrioally to form the 
dialocation core ahown in)* figure 1* theenda of the core, narked E, 


^fomingjn nnit<rA 4 vhlch>la>v packed ^ at lauxian^ denaity«>in the ;X*19 
i | vm atrnetnre .A^Aa.^Boraatra;. Btated. 'theresijt areti.twollogioal) Apt Iona >when 


(b). The firct model, figure 3(a), conalata of two aeta of a/2[110] 
edge dielooationa arranged in a aig-iag faahion and labelled B and C 
^ in the diagraa. In the altematlwe aodel, figure 3(b), a dialooatlon 

^ with Burgera*''Veotor a[110] haa been oreataTd' by Interpoaing' "aTVlx^ 


aeabered'rlng ^between the'^'! fiwe'. ‘andf ‘’aeTen^-aeabered onee»' foralngi a 
repeating nnit'.labelled D*' Note that 'thia nik aeabered rlng ia’in thc« 


• » 

’1 * bonndariea. Thia aodel can be therefore be interpreted aa aa array of 

I ; 

^ edge dialooatioaa ia a coherent flrat order twin boundary. The BC 

. . aodel, figure 3(a), can alao be ▼ianaliied ia the aaae way, although 
it ia not aa obviona in thia caae. Thia point will bo diaonaaed in 
aoro detail below. 
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a 


The zig-xag appearanoe of the 7*9 boondary in figure 4 indioatea 
that the BC aeqnence of figure 3(a) is sore likely. Thia oonoluaion 
if in agreeaent with the findings of Eriwanek et al (13) • Papon et al 

• • a 

(14) and Bonr'ret et al (15) with regard to 2 "9 bonndariea in 
geraaniua, although Bonrret enggests that segregation of iapnrities to 
the interface aay cause variations in the structure. In addition, the 
structure in figure 3(a) is aore plausible from simple energetic 
considerations since the elastic energy per'-unit area'* of a syametri'e 
tilt boundary -is at a ainiaua when the eads of the extra half planes 


f I K 

J - *■ ] 






T 


fin 


S4i 


• f »rr f 







■ % *• 


I VtM 
h 




|! 4 . 1 . ahowa.^that thisvor.ite'rlon favors the BC sequence .‘v i > 

H • i.T- . * ■" - “ .r i'- ‘.i 

. 

V ♦ 

^ ' ifu* <f~iiew^»iiliiS4**i^^.if^«i™^'^s<P.'^^il iir”***~**r 1 *4 -"Tf "g-^* ' 

h < 

^ The micrograph of the 2~27 boundary in figure 4, which is reproduced 

at a higher magnification in figure 6 (a), has the sane repeat pattern 
as the faceted ABAC structure, and there is good correlation between 
■" •*.*; - -large Trlngs in~tlie 'model anil'lairge dota'*ln the 'imageT* The dottei“l'lne”"'*“ * 

in figure 5(a) indicates (111)^> and (in >2 facets. Then figures 5(a) 
and 6 (a) arp snperimposed, figure 6 (b), there is good correlation 

accurate representation of the boundary structure, although tliis 
cannot be confirmed without multislice calculations. 


Piicusslon 


Several authors (Ashby, Spaepen, and Williams (7); Pond, Smith, 
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and Vitek (8), Sntton and Vitek (9); Frost, Spaepen and Ashby (10)) 
have described the strnotnre of grain boundaries as a packing of a 
snail nnaber of (polyhedral) ' Bernal type atonic groups. This approach 

• i • • 

has largely been based on hard sphere modelling or conpnter simnlated 
ftrnctnres of grain boundaries in fee metals where spherical 
potentials and central . forces are assnaed. There have been few 
atteapts to extend thistwork to tetrahedral ly coordinated nateriala 
with directional bonding, presnaably due to the ebnplexities of 
dealing with distorted sp^vbonds. Howerer, the concept of building np= 







•m* '■« 


Models for ft nn to 38.94° ' 






rr^it- . . , . . . 

particnlarly snited ' to ' ‘eowalent strnctnres. A system'for nodelllng 

-V,?, M,-. . -- 

^the strnctnres-.of. syBnetrie,~<110> tilt bonndaries with. tilt .•anglea-40',Ki'> 
.in'the^rang'a :P*^tto,.70.S3^^is‘presented. r* j 

■W|tlMe<ns^<>fla<i (Tllllll •' Tf ri • ~T[*~ -Vi- 

® / -« rr 

d 

Symnetric bonndaries with (110) nedian planes and values of 0 up 
to 26.53° are modelled as an array of discrete a/2[110] edge 
dislocations, mit A. Nisorientatlons between 26.53<* and 38.94° are 
model led'by'" eonbininf' 'stYnctniral 'nnlfs"~ A,'B,*and^C Tn t*cystenatIo'“ '***' 
manner, 'so that they are as evenly distributed as possible; along the 

- • ■ w 'f- • 

- boundary •■•This' is equivalent ’to adjusting the spacing between the 




a/2[110] /(2sin(0/2) ) , and the variance of the spacing is a minimum. 




To preserve the symmetric mature of the boundary, the units B and C 
must occur alternately along the boundary. For example, a boundary 
whose repeating unit is AABAAC (a combination ofS^*19 and ^"27) has a 
rotation angle of 29.70° corresponding to ^■•137, whereas a sequence of 
ABC or ABCACB (T-27 andZ~9) gives a misor ientation of 33 .72<> (X*107) . 
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A liaple aethod of detetalnlng the and 6 values for a partionlar 
ooabinatlOB is gireii. The reotor 4 Joining the two ends of each 
stmotaral unit is • datetaioed nsing a basis in which (l» 0 )"s/ 2 [ 110]2 
and (O/D-alOOllj. thna for A A-l/2(1.3) and for' BC d-d. 2). The 

repeat vector (r.s) (r and s integers) for the coaplete sequence of 
structural units asking up the boundary is oalcnlatsJ and the value of 
^'is found froB l-(r^ 2s^)/w where w is 1 if r is odd. otherwise w 

is 2«''^..The aisorientation angle is found froa tan(6/2)-r/-^ 2s. The A.B 
sad C .units do not differ in their intrinsic structure^ but rather in 







iapblSfOB the vltttibek 




The local Burgers vectors; (16)^' of units A.B^' 



. 


aisswvsentw 


Md;^^re a/2[110;i^. and, a/2[110]2 ■ respeotirely. • These, 

local Burgers. veetoc[s';. can be deterainedjby considering which crystal -r ^ • 

r " IT V * ■ jT - 

dislocation core. The B and C units introduoa^traaslutionu. of. one ^ 

crystal relative to the other at the boundary equal to their local 
Burgers vectors projected onto the boundary plane. For a J -27 

boundary, these translations are equal and opposite, as is apparent in 

-figure S(a) where nearest neighbour'A' units' have undergone' equal but 

opposite shears. To ainiaise the energy of this alternating shear 
field, there is^u rigid body translation of one crystal relative to 


the. other, away froa^.^s. co incidence > 3 , po* it ion. . ofjulf thc.^if 
produced by s B (or O'unit. The shift produced by each B unit in the 


T-27 structure is a/27[ll5]j, which is a DSC vector of the 31.59® -27 
. aisorientation. The 7-27 boundary plane contains screw axes half way 
between each (IIO) atoaic plana. The 7-9 boundary plane, figure 3(a). 
is a glide plane. Other boundaries with these syaaetries (e.g. 
AABAAC. 7*-137 has glide syaaetry) can be analysed in the sane way. 
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Leia ayuetrio oonf ignratlona (a.g. ABC, Z*107) hara nora ooaplaz 
abort range atraaa flalda that are beyond the aoope of the preaant 
paper. 




r-'v 


The eztenaioa of the iiodel ling ayateai np to 0-70. S3°, the firat 

» a* 

,•* ■ ■) 

order twin orientation, ia|aohieTed by introdnoing the boat ahaped aiz 
■eabered ring,':> T« into^ .^e'JC -9 atrnotnre of ‘ fign're 3(a). Thia 
atrnctnre oonalata of altezvating f ire and aeren aenbered ringa. The 


I naottona^^bf tMj 










conf ignrationsivone ' ayaawtr leal .-and the other .nayaaetrienl. Only . .tha(^- .'^^‘> 
t ayaaetrioal . eo^lgvratloa • enn^^ aoooa»odate!;^)tvtli* \T nnit' whilat' atill' -« v >. 
aaintaining'’ietrahedral bonding. t.ii,The\ atrnotnral' aodel .in figure 71 ‘ias 

i*~Ti!ir|4yitiiiiiir~~<oTp<in^ if-i ---"inirT— ^ - 

coabinationa, labelled 0 and H, which differ froa nnita B and C. Aa 
aore T nnita are added to the atrnctnre 7, the bonndary aiaor ientation 
increaaea. When the apacing of the 0 and H nnita becoaea large, the 
bonadary'*-can'~be''^nterpreteT‘aa'Tcola'ted'~dialocaHonia (0 and'H nnii^ 
in a coherent firat order twin bonndary. Therefore^ 'thronghont the 
aiaorientatlon-xnnge front' 98.94”'. tof 70. S3**, aynnetr ic bonndariec are 


bomdary. 


The d, wectora of the 7 and OH naita are (1/2, 1/2) and' (1,2) 
reapectlwely. The CUT aeqnenca of fignre 7 haa a repeat weetor of 
(2.3) and the aodel ia therefore a (332]l’all, 50.48” bonndary. The 
denaity of 0 and B nnita ia a naziana for tha2-9 atrnctnre and ia 
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I'V- 


taro at the ("3 aiaor lentatlon. Therefore* the reference lattice it 

twinned and the aedian plane it (111). Bnrgert circnitt of the 0 and 

H nnita traneferred to the twinned .trnotnre ahow that the Bnr|ert 

• • 

reotort are a/2[IlO]^(0) and a/llIIOljCH) . The 0 and B Bnrgert 
factor t are not normal to the ooaaon (111) bonndary plane. However, 
twinning trantforat a/2(TI0lj into a/dtlwli, making the tna of the G 

and H Bnrgert veotora eqnal to 2a/3[ITI]^, At with the B and C nnitt, 

: 

the dlalocatio'nt G and H introdnoe tranelationa, at the* boundary. 


eqnal to their Bnrgert vectort projected onto the bonndary plane. 


-1 j; 
ii 



i'-'f ’■‘"' V, 


ting'thear field-' it apparent in.flfwre 7 where neighbouring T 

■■■■ ..... ' 

unite ha-ve ^'.undergone eqnal and ’^oppotltt- the art '‘parallel to the 

boundary. The rigid body ftranalation at^ the'. boundary which eqnalltet 

- a. • V 

?f.,of . the T nnlta4.1a>a/22tll3f' •hilf-'t ‘ DSC ' 'recltbr^f** 


cl 




. ift.'fyn. ■ A e uii e e >f»- 


ctrnctnre. Bond, bending ..in .,the.K««iryitalai on either aide»-of the 




‘ -» 


bonndary can abaorb the thear atraina without large increatet in the 
energy of the rtrnotnre. An alternative nodel for theCll bonndary 
propoted by Papon et al (10) hat a repeat unit of GHTT. The T nnita 
in thia oaae are not aheared bnt an alternating tenaile and 
s'., ooapreaaive atreaa field la eatabliahed noraal to the bonndary, dne to 

. -v‘‘ , , -J •. •— ■ ■■■ ^7 

‘ the nneven tpacing of the terainatlng'^ planet of atoaa. For thia 






reaaon it it anggeated,..that the iGU'rT-*i,atrnotnre-aay .havoTi^lilghet' I 


energy, than the atrnctnra in figure 7. 


In an exact analogy with the favored boundary nodel of Sntton and 
Vitek (13), anall deviationa from low coincidence valnea of 0 are 
aoconaodated by varying the apacing of the primary dialooation by 

M P 

Inaerting foreign atrnctnral nnita at regular intervala. Any 


i <:■ 
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departure from perfeot regnlarity In the ipaoing of an array of 
primary dlslooations oan be analyeed in termi of secondary 
dislocations. The Burgers veotor of a secondary dislocation is the 
relative displacement of the two crystals due to a change in the 
spacing of the primary dislocations. Using an analysis similar to 
that of Bollmann (5). the matrix A describes the rotation of lattice 1 
into lattice 2. and the displacement matrix T is given by 
If the vector' £ is the change in the spacing of the primary 
dislocations, expressed in lattice 2. the Burgers 'actor of the 

of a repeating block of fifteen‘A units, one B unit, fifteen more A 
unitsyand a C nnit'has a'repaat vector>of (K.47) and a deviation of 
.344 from thef ~19 aisor ientation. ^Eaoh xforeignn structural unit is 
nssociatnd^.vith«^n(wgxala boundarjp dislocation whoseeBurgers vector ia 


a/19[331], 







*h 


i" 



i 

t 


Recent work on tilt boundaries in hard sphere tee crystals (IS) 
hss sHo«n that some S7mnet:ic boundaries, (particularly those with 
relatively long repeat lengths) could be constructed more densely when 
faceted. These boundaries usually had a dense plane in one crystal 
nearly parallel to a different dense plane in the other. In the cas' 
of the < -27^,(352} boundary it was. founds, that faceting on to 

' •»ii r' ■ - .. . 

(lll)j./(110)2 and (111)2/(110)2 planes reduced the excess volume by 
28%. On each facet, the (IIT) and (110) planes were within 3.7** of 
. • being parallel. The boundary c‘>ntained equal areas of (110)^ tiid 

(110)2 plsnes. cousistent with a (110) median plana. This faceting is 
identical to that experimentally observed in figure 4. 
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Syuatrio aacoiiLd and tliird order twin bonndarioi in ail icon haw* 

^ • • 

bean obaarred' nairg high raaolntion TUN. Micrographs of a lyBBetrie 
1221) bomdary exhibited contrast featnres consistent with the 
zig-xag disl o<'**’4tn strnotnre proposed by Hornstra (2) and siailar to 
those zeported in gensnina (13-15). A aodel 'or a syuetric (352) 

>27 boxmds'.y ‘ was constrnoted and konnd to hawe the saae periodicity 
and faceted strnctnre as an ezperiaentally observed X>27 boundary. A 
systea for aodelling the strnotnre of . <110> ,tjlt .hot 
tetrahedrslly coozdinated'aateriale was developed based on the ^ early 
work of .Borrnstra (1.2). Boundarien with (110) aedian planes end 
aisorientstions np to 70.53^ were constrnoted nsing a repenting series 
of siaple strno. ^al. nai^.^^ 

^ • g^, * • V 
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Fig.l Core etraotnre of e a/2 <110> edge dislocation in the dianoud 
* lattice aa proposed by Hornstra. The core configuration is 

syaaetric and consists of one 5 and one 7 mesibered ring. 


Fig. 2 Model of t. {331} * Tl^"19« 26 .S3 degree tilt boundary according to 
Hornstra. This boundary has the highest nisor ientation that 
can be accoaodated by a repetitive pattern of the edge 
sdislocjtions shovn in Fig. 1 ^ • 7^ 


Fig. 3a First. (of two altemative) aodels proposed by Hornstra for. the 

dp* - 

strnctnxe.of ,the {221}, 2?-9, 38.94 degree^ .boundary,, The 

boundary contains a/2 <110> edge dislocation^: arranged in a 




sig-xag pattern. 


Fig. 3b Second (of two altematiTc) aodels proposed by Hornstra for the 
structure of the {221}, £*9, 38.94 degree bounds This 

boundary consists of a syaaetric arrangement of a<110> 

' dislocations. 






Fig. 4, Lattice fringe image of a 110 tilt boundary (incident electron 
beaa parallel to tilt axis) at a aagnifiaotion of x 6 SOO 000. 
The section denoted by X is a {S52}/{SS2} syaaetric third order 
twin boundary with a aedian boundary plane (110). The boundary 
dissociates at T into a coherent first order twin boundary and 
a <. syawetric second order boundary, denoted by Z. 


1 



ORlQirjAL PACE fS 
OF POOR OUALFTY 


Fig. St SohtBttie rtprttfntttioB of th«S*27 boondiry* oonttraottd of 


with t rtpettlng group nnit ABAC. For dtttllt tot toxt 


Fig.Sb AlttmttlTO TtrtiOB of tho I -27 booodtry, ooBtiitiBg of t 


roptoilBg groBp BBlt AAD. For dtttllt ttt ttzt 


Flg.6t ExptrlatBttl aiorogrtph of 1-27 boBBdiry. NtgBif iottioB z 30 


Fig.db StptrpoiltioB o 


tbt tobtattle rtprettBtttioB of tht booadtrjr vitb ABAC 


rtptttlBf(groBpt (Fig. St) 


Fig.7 SehtBttio rtprtitBtttioB SO.48 ^jltfr|(| tilt 


booBdtry ooBilttiBg of OTST rtptttlBg groop oalt. Tht booadtiy 
coBttiBt t rigid body trtBtlttioB t/22[113]. For aort dtttllt 


ttt ttzt 
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